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Abstract 



CONSTITUTION* P-type GaAs substrate 7 in (100) face orientation is etched bv HFH90? f«r f« min « » 

' S^nW; I? d conlcal 5fW recess 9 and ^^s^j^s^^aIst 0 

| semiconductor light emitting element in a small light emission diameter manufactunng a 
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40 /AlGaAs«fiR^|6, 8e P-^p-AIGa 
As9vy F)B5. GaAsfS14Ji4. S i F-7"n- 
A I GaAs? 7 j FJ83*Jj:0fSn F-^n-GaA 
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pS©«St4*^t. P»J«S8*>e.aA?n/ciE?L« 
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aa$*i=Lh$tf*c4#rts. s^jc. ^a®waa 
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s. Ltdfiix. zmmxwmx 9*»a-r*atctt, 
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at. a*9rttc (ioo) s^©mb2 i*ata<* 

tf*. OH*. a*9^^tifcGaAsS«2 0© 
±«C. #?«x (MBE) tt«:j:9. 

W3 1 /xm©S i F-7A 1.6a,.. A 8 (x=0.4 
5)«ifi«3e)B6. SnF-^n-Al.Ga,..As 40 
(x = 0.45) 91i*M2Z. GaAs«tta4. 
S i F-7A l.Ga,..A s (x = 0.4 5) 95? F 
a3*}J:yB e F-^p -Ga A s3>ji> f-a2 3$ 
S«IW«CfiJfi$if5. S$«C=J>**hji2 3©J:tCp 

aa&8*aa. PflMas8©a*9<f*a4*t(fijr4 
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10 AS^rffi (1 £m£5) ©pS4)5c») > *©aON©aS 
2 6*« (1 00) ffi^a©nS4^0. $ 6tC-e-©||||J 
©¥«a2 7-Clt(ml 1) Affi^a (l Sm^5) © 
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^©^Enr^^a: *> ct. * 5 7 h*a 3 ©^jn^-spaa 
2 5tcna$#t. ^a^«aJ2 5©*«ra- 3 rffiffi84 

©<t»*acc|S|*>5. nffiWffilfrsiHfca^tt. 

«a©*aj-c«-r i 5 tc. e ©aatcaas 
*i. attMB2 8«a->.r«tta4<oitiAa«:A»i» 

6»l/c*». jEtuaai l^e^sB^atDfflsn-s 
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x. H4©j:^«aa{c*n»rs i F-^asfcaaae 

fiXt/-t<>©-c**. *4t>tt, aa2o©±©«^«c 
s^aswaa 1 9 4 aa»^©»*«»5 ^ Fa 
3 (a2©a«»^a) ©*-ctf^t>«6<t , >K:Lr<> 

[0036] H6tt*«§H©s 6tcMttattM(CJ:«± 
ffiffl5ia*a»«*a^F*inTIISffiHT*i. C©H 
ftW(C*ortt. mM<DT1ji>L<lt±JHCS i F- 

7*aa»5eafci/<tts i ¥m6n>tt< 4 

fe-^©a*WL. a**«a?*ifcaa©±«c*afi 

*^*mm<omwKttic^xmxmm& 

3hft:t>©-C*4. «*tf. (10 0) ffi^fitt L< « 
(ml 1) Affitfft (1 £m£5) ©GaAsSfi3 1 
©±S«ca*9*JBfiJl/. C©S«3 l©±K^a5lt 

Maig^aau ««>±tc»7 7FS3 2. issa 
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l l^SSf*. COfft*. fl«a5»3 4©«WaB{C» 
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J&Wc*oT«. *KWffl3 6*^»JgW«3 8«Cj:o 20 
?«to&l,-Ct,»*. £»£«B3 8«. Al.Ga,..As 
(x = 0.8) ?9HAGaAsj5a*ii3t«S<r)l/ 
(4n,) <omm (n,ttS3H©aJrm) ifca^tc 

[0 0 3 9] C©i*&{cfc. MBE&tCfcorMIUiCC 

x^i- h^©*-£>jgS3»i»7e«sj;0 <>St^«c< 5 £ 

l»«fi«C>fUrg8f3ftfc|»9<Dlt«4r©«»«H© 30 
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[0040] ±ffi^flr«r§fcS(cot>-cfciat,&a> 

oft:*. ffit5l/IttiJi&*A I.Ga,..As*-ir6, 
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VflB6rfcJ:t>. 4ft:. Saa*^©/c«>©JBttf§ttfflJ: 
9T<D8. -3*r,*iSi*$J§©#4l,. S i 

[0 04 1 ] -5|ftC. JJgWtft*ft?*0l>fc&fl| 
WWOMirS. *?*. 38 (a) (b) (c)JC 40 

SHtt. *£i?!©*i»fM8#jR*7 1 *-£©•; - K7 
2©±fc^#>f^>**S4&<cfl!rfr©'.; 
- K 7 u - a 7 3 «c 7 +#>r y ytfuctm-ej&w 

*#*J'*IW<0«jttBB7 4T3B©H*(c«Eaai, 

<<>*. i*it$liS7 4 ©^ffiKii£&©£tt U>X$M4£ 
l5]'i:>tt«CEJIJLft:7U^;^fittU>X7 5*l-#J& 
HX$tibi.#K., S®©?5|li](ctt7 U*j^^Kttu> 
X7 5i|§It;Sl$. *il>li7U^;USipfittu>X7 so 



5<tot)-?>-?>iSUT^7 e^aLrio. 7^7 

[0 04 2] C©»ftgH©l§S. ^»fS3fejR^ 7 ] 
©•C*5*e,. 7U^;US¥fi«U>X7 5«:«t0ie© 

>X7 5£&£.S»f = 4 .5mm. U>XfiS3 .5m 

mt u *m#mx*7 1 <D*ffltj;s*aa2 o»m 

KLfcifc. lm©ffia«c*5W*t-AS«aa4mm 

sar*s. l*>5«c. se*i»)m^tirt,»4ji^© 

Hfcf-^-K *©3t©fflSiaD8I*»3 5 0 

amAgg©fc©) Ttt. ES7 0mmlia*r£#-, 
rb*^©-C. *«ECC,l:*¥jJ&#fe***7 ! %m% 

ft*. 

[0 04 3] *fc. 8£*J:0«l>6*iri>5a}tS4l/ 
"CI*. 01 etC^-fJ^&flHicfc©*!**^ 
1 6 2*>63SfflOft:fc- l 6 3«C^3W*u— if 

1 6 4 Rtf? U*;USWgt*U>Xl 6 5*80*1 

e*i6*£«** vf\ e era 

32©fc©& C©Jr^«t$f3fe©ft5tS 1 6 1 

rteO. =«^hs V «»a©fi«*igic4*J-c*i. 

[0 04 4] &*$. CC-Ctilibtt-AiL-CfglfiJft© 
m>W3t«*tBS*-r6t©«c-p(,»TSiWLft:*i. 71, 
**32¥fit*U >X 7 5 ©^7 ^ - * C t (C«fc 

0. a3tt-A-wBisjt-A«4©sjfea{c(>aflart 

[OO4 5]09«Cm'rfc©tt. X^'J-^/if©^© 
Kft^OtiaifSTSTift:*)©^^^ ^ ^ ^ ^©^^ > 
* (fi*S) JT*S. C©*Y>f JIJ. *IBW«CJ: 

sifejfey-f^-F (led) 8i. =>>)s-hm<m* 

^>X8 2. «f¥HH8 3SVy<,7 i ';-8 4*»6«:r> 

r*»o. *a«*i£7t^8 i*p.a«$ftfe^tta3tu 

>X8 2■C3'J J ^-^^^^ft:^, ^?';->Jb{clft«S 
ft. *X#? Mc^OSmWftmf. 

[004 6 J ^fiEftffl?nri»5^Y>f «. *sn*u 
— !f3l : F•*ffi^,»ft:(>©3»J«4^^'r*•5**. u— ifjfe* 

c©ft»i4©ft;i{). u— »f«»i^©raa*i 

S400um) «rfflc». f = l 0 mm. U>X 

S4mm©^7feu>X-C3';y- htft:LED^^>ir 
5m5t©Xi"J->±r©tr-AStt2 0 0m 
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[0047] CtlfctfU #3i5§tcJ:*LED8 \im 
l>fc*-/ > * J ©i#£«c{j. i o u m©L E D 8 

1 4. &£ffij?|f = 1 Omm, U>XS4 mm©0Jift 

6t-AStt5mmi/|N$<. mat^Oi^c*. tfc 
*^T. *«W©LED8 1 rftW^MglSJttfcfai;* 

[0 04 8] HI 0 (a) lC7fi*t><Di£$;miC*Z* 

a«*i6#$-?9 5 *fflo/c2iaibfe^jca - * <j -x> 
* k «. 9 1 KWJtttt^ 9 2 . mn 

«9 2©*E8lHC*f|6|l,fcB£«9 3 t @ii«9 2SC/ 
@£«9 3 *^T*t|Si$ tf6*lfcfijfcu >X9 4 4* 
*RIC «fc 9 5 SUS3fcR* 9 6*6* 

«S*vci»*. @^«9 2©^sa5«ctt^jg{ctoA:-,r 

9 3CCfc 1 mmOIBIBrh^^^AXt;, K98Ktfh 

9 ^ * b * >) v b 9 9 mn$ tXXM. 

100491 Lfrox. mm*ai*9 5 totems < 
tittrnt. wt\s> xg 4 -cnyy- Yinttfk. mm. 

«9 3©*l/* 1-9 8, 9 9-C»M3tl. BCK9 20 
XV ,h9 7SriaO. 3*3R*9 6-08*13*1*. @J g 
«9 3©f-v*:>A;*!/* H9 8 4 F>7?*B*'./v h 
9 9«*»(4tBA*9 0' T6U-C*0. Afflm#-B 
ffim#*J«(C*> (SftttJB!) Ktr*4**X!r-.«,© 
mttdx^lO 4»**C4CCJ:»)*>-.rt,*R 
fcfc©-C**. 010 (b) K;irr«fc5«:At§a> 
e»*>»C%4*>. **t>ttBffi*> 6 **>-c@|£ 

(0050] C<Dn-*i;.-x:/3-jflc*l»T. 
m) *m>. fc.£E»f = 1 Oram. U>Xg4mm© 

? h^+»4 0am«CJE*iorL*^. Lfc^r. 6 
0 0 DP I <4 0 B mt,^) &.±<DZ*->\,-ettz<J 
*^«±Cce-A#£**c44fc0. Xtr-JUg 

[005 1 ] C*UC»U ^"JKCfci^awtiytsR^ 40 

9 5*m»/tn-$.j-x^3-^KTtt. 
3*9 5 ©Ifcfcg* 1 0 a mSBtfcSS/jN&ftgft-C* 5 
©?. &£&!j|f = 10mm. U>Xa4mm©eia<t 
lSbfeU>X9 4t:fflor3'^-H / /c4Urfe. B« 
«92±©e-A£tt. S!efi9 3©A';? M§+*(, 

0.5ym«:t-A©)2:*so*»^ici*J-ct5. L 
/oS*-,t\ JS^WtgfbdipIfifi-C^D. 6 0 0DP1 (4 
0«mtf?*) «±©xy-;^S*«SC46Diee{c 
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*fl!l,>£t4&<. n-iry-x>n-yK©»j|?fit* 
FSj-b<*tt*C4#r**. 

[0052] ft*. ±gBHttWrti. n-*>;-x>3 

««C.J:**«W*ll3l3R**m»*C4»cjtor(»H* 
&$&*£f*£C4#rtS. 

1 0 0 5 3 ] 0 1 1 «*!6iP?«C«fcS*i§{*fc3fc3R* x 0 
1 *ffl»-»A:^^a-b>^L©»/S4m1-»lBia-C* 

1 0 1 Stfa y^f- h u>xi o 2*>e>ttim.Ut. 

[0054] &tc> Bi.i immm-k^vucA^x 
m®i o 5*iwr*oadb©snd*ff«i-r*«^^ 
fci/tv*. *«(*«^fejR^ i o i ip^mstitt^tu 
=";y-hu>xi 0 2T?wfjfe[ts*iyt» t *f*«n 

0 5±{CJHW3tire-A^#, hsP,. SP,*£fi5 

U *ti-etitr-Ax^, fsp,. sp,<r>mt»mL 

«. <48t*tt$* 1 0 4©ff^« 1 0 6. 1 0 7 XWtc 

mikzb-,xmx*, -e©(aar*isj:0HA8M« 

(0055] i o Hi. as 

■*•**>©?**©?. ccjc^^ffia-bv^L^ui^ 
tc «fc***<*ifefca* i o i fisa^ajii 

[ 0 0 5 8 ^0 1 2 ttJJegg»-fe>-*L«C .t^asq © 

msmmiTjKbx^i. cn«sut-fe>^j*>6i oc 

m/'cW»nA:(aa(CBd*i2mm4 5mm©dig8ay2 
mm 4 5 mm©BOS*W^*^*«j*tiiaS^/tW#© 
SHqfclCC)ti»ttft«i 0 8*i»^ 

ftn>*. ttts % ^itiftiaioajc^r. ^2 mni 

©flS. nB5mm©ia85. ^Mi2mm©0gffl, -U5 
mm©D33CC»i&r5fi3fc*5. 
(0057)013 tt^^tc u— if jR^. ! 
1 1 *m>tc\s-VV-i.7>)>mS:mtm.®X*> 

f-U>Xl 1 2. ®«£B8t (*'J^5 7-) 11 

3. mnzmmi 1 3?:-^(Sj{c-®ja T@J5$tf 

5^ + + t*-f 1 1 4. Z* + i-a>}.Q-y i ! 
5, £#U>X1 1 6. ffl*(*K7Al 1 7. 
WKItMWl 1844>6«|JiSShr^4. 
[005 8] LfrbX. ll*>6ffl 

n/c7tiia3tsjn - >x 1 1 2*a-,rn 

y>-h3t4«0. @^®«1 13-CSW3h-54« 
«t*TO]«:**-|.>;*ft. Si36u>xi 1 6TlS7fe(* 
K.7A1 1 7±tcm%Sti. SSTfettK^A 1 l 7±u:m 
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{0 05 9] c©<l:5£rt — tffcT— A tcfci* 
r. fflxtf£ffi&7£S©fi£*©L E D («tES4 0 0 u 
m) &gmmt = 1 5mm©H3£u>X-CI 5 

0mmjfc©S3e#F5A±CcH:fcl,fc<!:-r Si. •€■©£ 
*tt©S;*©fc«>. JS36(*K5A±r©t-AS«4 . 
8mm4*#<£9. 4 0 0 D P 1 ©EP^ffiKttJffcjft 

[0 06 0 J chicttL. *!6W«cJ:*i|£3K*u-ifjR 

*©«*&*5amg&tca*/Mt-c**©-c. |SJ-£fl: 

■C*ifcS tffclg£-C AS?: 6 0 u mttTtC^S C 
4*i-C*. 40 0DP l<Di±&Z+#lcm&?ZC±ifi 

( 0 0 6 1 ) H 1 4 (a) t«c«W(C J:*¥iMMyfejR 
* 1 2 1 *ffli>/ C '<- 3- F >; - * N iTjitSmmVi 

C©A- 3 -KV-yN». *»(*»?fe3R^- 1 2 
1. Sbfcffl"J3!3fcU>Xl 2 2. 0IS£®illl23. Big 
»OMl 2 34-3£»i6i{c-j£2STHIgS*4^*i. 

l 24. gsaj£SU>Xl 25. s*mr£i, 
>Xl2 6. £***l2 7*>6l*JiS;**iT<,>*. 
[006 2] t*tr. ¥**A£*?1 2 l*>6fflW 

l 2 3TiSS*$^54«{C*i|i^(SjK:^* t >$n. « 
a**U>Xl 2 5T«MfcS*ifc». /<-3- p i 2 
8J:T»**ft. ^-3~P12 8±«jUE»n«. 3 

e>tc. k 1 2 8*f,©s«»i. s*«ijjyfeu 

>X 1 2 6 tc <fc 03#5R* 1 2 7 ±!CWtt t\X ftSfflS 
ft. '<-3-Ffi#BS;WSe>ftS. c©-n-3-F'.J 
-*Nfc*i»rtt. ^2^Su>Xi 2 5KJ:o?Kt- 
A©j£2aa#3iSfl:;*ft-a>s©r. a«{c^ia*i 

0. ISHKIiSfcjm^ ('<-n-FB#BS) £434. 
014 (b) <C7jrr<±5K/<-3-KK|&i;/dl^BS 
#«6ft-5. 

[0063] C©<J:$&/<-3-F'J-:Sacfc<,»r. B 
^*±ffi!67l£M©fie*©LED (#B6S4 0 0/im) * 
iOBIf = 1 5mm©«3£U>X-C2 5 0mm 
*©a-=i- PiKIUtttei-ffti. *©«Jfett©B 
$©fc». ^-3-K±r©e-ASJ*Kr6.7inini 
**<tt0. a-3-F <-«Kkc. «/h*tt»0.2 
mm) l*f(JgB*IR*C4*J-C*&(,>. 4 

[0 0 6 4] chicML. ^kmic^mm^mm^ 

l 2 l *«t»fc/"c-3-.Ki;-yNK*ortt. *©« 
0tfm8K(cfMtt£Sfl:?»*<!>-c. |§]-& 
tf/ciS^-ciAt-3- F 1 2 8±©t-A& 
a- P 1 2 8 Oft/NMS&TF ( 0 . 2 m mS3) * 
T£SC4#r*. M-3-F1 2 8*R*KSC4*l 

[00 6 5] ttc. *mwm$suamt. m^b 
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[0066] 

[#6W©$»S] *BB(CJ:*U<. B^fiteioTajlSM 

a©*ttaww«8ffl©si*s*pa4o. ¥«s?©3i* 

3?* n 9 4 1/. *©RJ8T *8©ii*a«: WA«ffii*tt 

{t«t6rpS4Lfc4?*4. «4fflr»pp«^r*4 

*>e>HiS#»ft. ¥«SP-C{jjj!y^ 7 xpn«^4<ti 
<fc5K-C*5. ^IMBtcifttf. ^«Blfi£K-<s 

^*>aA*iT<r5C4fc<. Sifc&sgH («t^o» 
10 ?B) ©-SS»^©«aa*SlS3l*-S,C4*J-C*4. 
[0067] tt,r . *IHB«:<fcfttf. TltlMtlfe^-f 
*>i£Att 4'«rff«t 5 C 4 % < . 1 BOttJUtfiXBtc 

«t o »'M8*BS©±Bffl8®¥3ttf^$**Kf*T 

*C4#"C*. JR^BffcDIgtffiBttSft.S. 

k. *akxB+ 2 @©»SfiSfiig4r*5>i < c 4 k 
«t or. *^tt©«Jnt«Js»4<to, «s©*Kt> 

[0 06 8] *fc. S«4»l©««»36j f t©| IHc ^ 
!0 3fe*3fefflJW.Sl!J'sSW3i*5C4*i-C*. gum*** 
[0069] *fc. 36JRD(BtM©«fftjSttH«>b< 

war 2 ©sa^sga©ra© 5 <H>r*i*>-:fr 4©iaifc. 
iMK»»*»*t,.. i*Ott3l#©M®«:#EJWB£«>iji 

*»£*tt£B£»HB4*EW®<L©££gjW{c«fc 

0. j6tn»s*>^©3effiotbi,a ; &Je)M$-tf*c4^-c 
[bb©b**»bi 

[Bl ] *«W©-S«««:«k5±Bffl»32*3Ht»7fe 

^i^-rKBHris. 

[B2] *»B©Sd>5:|US«{cj:5±®H«fa^a«*^ 
^■?*^TWBBr**. 

tH3 ] *IW!©*6KS8&!S»W«CJ:S±Bai«ffl¥ 
»»:^tjR^*^-r»rffiB-C* 

[B4 ] *^W©? 6(CX(I«:||ifi«f|{cj:5±®a«^^ 
Sia^jR^ 4^TBiBB-C* * . 

[05 ] *IEi»©$6K:S«<cieteW{cJ:S±ffitawaz|£ 
»**«B-f*^TKBBr*4. 

[06] *»W©36{C)!!lttj*it«(cJ:4J:Bffl«ffl* 
«»*7tjR-7-*^1-»iB0-C**. 

[07 ] *«W©3 ^KJ5Jftj|B«f«cJ:4J:BtaWa* 
3W*«6B* *'SWK BHT* S. 
[08] (a) (b) (c) tt**W(CJ:.5i|£B&8# 

B0"C*5. 

[09] *mK*hmt&ym*zmi.>tc#4>* 



(9) 
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m i o j (a > .k*ark jt hmmxx* *m » 
tain s&wtcj^aftiKBfrffcffl^fcggifc 

-T0-CA5. 

fc/t-a-Fy-ytSTOHHj .(b) tt/t-a-p ' 

y- yic j: 5*ia©#^r0r **. 
[015] mvmmm+omiTxtmmv 

[016] fi£*©fibfeS«riS-r-a5«KC/c««0-C* 
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1 nffilSffi 

3 * 7 •? FS 0*2 ©SSS&sgJl) 

4 GaAsr£ttJB 

6 3E£»¥fii (0 l ©SiS&3©i) 

7 GaAsSfi 

8 p{|]«S 

9 m* 

10 fcffi 



11] 



17 

18 MS 

19 zmmtmm 

3 3 fifflft?* 

3 6 JtBi&iiE 

3 8 ^aS3*K« 

[02] 



1 





[04] 



[05] 





(12) 
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[014] 
128 < a > 




*5 



